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Ultrasound Shear Wave Elastography
Helps Discriminate Low-grade From
High-grade Bowel Wall Fibrosis in 
Ex Vivo Human Intestinal Specimens
rohn disease is a relapsing and remitting inflammatory con-
dition affecting the human gastrointestinal tract that affects
approximately 600,000 persons in North America and is
associated with substantial morbidity and health care costs.1–3
Fibrosis, a final common pathway of chronic injury in many organs,
occurs unpredictably in both untreated and treated patients with
Crohn disease and may be complicated by focal intestinal narrowings
(strictures) and perforations (fistulas).4–6 Approximately 64% of
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ORIGINAL RESEARCH
Objectives—To determine whether bowel wall fibrosis can be detected in freshly
resected human intestinal specimens based on ultrasound-derived shear wave speed.
Methods—Seventeen intact (>3-cm) bowel segments (15 small and 2 large intestine)
from 12 patients with known or suspected inflammatory bowel disease were procured
immediately after surgical resection. Ultrasound shear wave elastography of the bowel
wall was performed by two methods (Virtual Touch Quantification [VTQ] and
Virtual Touch-IQ [VT-IQ]; Siemens Medical Solutions USA, Inc, Mountain View,
CA). Eighteen short-axis shear wave speed measurements were acquired from each spec-
imen: 3 from the 9-, 12-, and 3-o’clock locations for each method. Imaging was
performed in two areas for specimens greater than 10 cm in length (separated by ≥5
cm). A gastrointestinal pathologist scored correlative histologic slides for inflammation
and fibrosis. Differences in mean shear wave speed between bowel segments with low and
high inflammation/fibrosis scores were assessed by a Student t test. Receiver operating
characteristic curve analysis was performed. 
Results—High–fibrosis score (n = 11) bowel segments had a significantly greater mean
shear wave speed than low–fibrosis score (n = 6) bowel segments (mean ± SD: VTQ,
1.59 ± 0.37 versus 1.18 ± 0.08 m/s; P = .004; VT-IQ, 1.87 ± 0.44 versus 1.50 ± 0.26 m/s;
P = .049). There was no significant difference in mean shear wave speed between high–
and low–inflammation score bowel segments (P > .05 for both VTQ and VT-IQ).
Receiver operating characteristic curves showed areas under the curve of 0.91 (95%
confidence interval, 0.67–0.99) for VTQ and 0.77 (95% confidence interval, 0.51–0.94)
for VT-IQ in distinguishing low– from high–fibrosis score bowel segments. 
Conclusions—Ex vivo bowel wall shear wave speed measurements increase when trans-
mural intestinal fibrosis is present.
Key Words—Crohn disease; fibrosis; gastrointestinal ultrasound; intestine; shear wave
elastography
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adult patients with Crohn disease have intestinal strictures,
fistulas (which are commonly associated with strictures),
or both requiring surgery after 30 years.7
Strictures of the bowel lumen in Crohn disease that
cause mural thickening and luminal narrowing may be due
to inflammation or fibrosis. A recent study by Adler et al8
documented that most Crohn disease strictures contain
both inflammation and fibrosis, and, somewhat unexpect-
edly, highly fibrotic strictures also frequently contain large
amounts of superimposed active inflammation. The same
study also demonstrated that computed tomographic
enterography cannot reliably establish the presence of
bowel wall fibrosis in Crohn disease.8 Detecting the pres-
ence of bowel wall fibrosis is important as intestinal seg-
ments that are narrowed due to inflammation generally
respond to medical therapy, whereas narrowed fibrotic
intestinal segments are generally unresponsive to currently
available medications, thus frequently requiring surgery.9,10
Computed tomography and magnetic resonance
enterography are radiologic tests commonly used to evalu-
ate patients with Crohn disease that accurately identify
affected bowel segments as well as provide information
about inflammatory activity and complications. Unfortu-
nately, these diagnostic modalities cannot reliably determine
whether areas of focal intestinal narrowing and obstruction
in patients with Crohn disease are due to the presence of
mural fibrosis, especially when inflammation and fibrosis are
coexistent. The development and optimization of imaging
technologies that can detect intestinal fibrosis even when
inflammation is present as well as quantify the amount of
fibrosis would almost certainly cause fundamental paradigm
shifts in the radiologic assessment and clinical (both med-
ical and surgical) management of Crohn disease in children
and adults. Knowledge of the amount of bowel wall fibrosis
would allow clinicians to identify patients best served by
immediate surgical therapy, thus possibly avoiding the inef-
fectual use of often costly, sometimes harmful immunosup-
pressant and anti- inflammatory medical therapies. Such
personalized management of heath care has the potential to
improve outcomes in patients with Crohn disease.
We postulate that shear wave elastographic (acoustic
radiation force impulse–derived shear wave speed) meas-
urements can provide noninvasive insight into the histo-
logic composition of strictured intestinal segments in
Crohn disease based on biomechanical elastic properties,
even when both inflammation and fibrosis are present.
Fibrosis is harder (stiffer) than inflammation (a large com-
ponent of which is edema, or water); thus, strictures con-
taining considerable fibrosis should be associated with
higher intramural shear wave speed measurements than
purely inflammatory strictures. On the basis of the bowel
wall shear wave speed, it may be possible to establish the
presence of fibrosis at the time of initial Crohn disease diag-
nosis or stricture presentation. Increasing bowel wall shear
wave speed over time may indicate developing or progres-
sive fibrosis. A change in shear wave speed over time also
may serve as a quantitative radiologic biomarker for medical
therapy response (or failure). A recent study by Dillman
et al11 showed that bowel wall shear wave speed measure-
ments can be used to distinguish fibrotic from nonfibrotic
colon in a Crohn disease rat model both without and with
increasing amounts of applied strain (transducer preload).
We must now translate intestinal shear wave elastog-
raphy from the animal model into humans. The purpose of
this exploratory investigation was to determine whether
bowel wall fibrosis can be detected in surgically resected
human intestinal specimens based on ex vivo intramural
shear wave speed measurements. We hypothesized that
resected bowel specimens containing extensive (trans-
mural) fibrosis are physically harder and will have higher
shear wave speed measurements than those bowel speci-
mens that are inflamed and that contain no or minimal
fibrosis. In a linear regimen and assuming material isotropy,
material (tissue) hardness is proportional to the square of
shear wave speed.12
Materials and Methods 
Institutional Review Board approval was obtained for this
investigation. Resected bowel specimens were obtained
with the assistance of the University of Michigan Tissue
Procurement Service.
Pediatric and adult small- and large-bowel specimens
from individuals with suspected or known inflammatory
bowel disease were procured fresh immediately after sur-
gical resection between June 2012 and May 2013 and
taken to a Department of Pathology laboratory for sonog-
raphy. Care was taken to ensure that the resected bowel
specimens were not placed in formalin or any other chem-
ical tissue preservative/fixative. Resected bowel specimens
were placed on a standoff pad (Aquaflex ultrasound gel
pad; Parker Laboratories, Inc, Fairfield, NJ) that rested on
a laboratory bench and bathed in copious amounts of ultra-
sound gel (Aquasonic 100; Parker Laboratories, Inc).
After grayscale sonography of resected bowel speci-
mens in the long and short axes, shear wave elastography
was performed in the area of greatest wall thickening by
two different methods (Virtual Touch quantification
[VTQ] and Virtual Touch-IQ [VT-IQ]; Acuson S3000
ultrasound system; Siemens Medical Solutions USA, Inc,
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Mountain View, CA; Figure 1). Both VTQ and VT-IQ are
recently developed forms of quantitative shear wave elas-
tographic imaging. Virtual Touch quantification uses an
acoustic radiation force impulse “push pulse” (4.00 MHz)
and provides a measurement of shear wave speed within a
single small region of interest. Tracking beams are applied
adjacent to the acoustic push pulse, and the time between
generation of the shear wave and the passing shear wave
peak at an adjacent location is used to calculate the shear
wave speed. Virtual Touch-IQ uses multiple push pulses
(4.44 or 5.71 MHz, depending on the depth of imaging
within tissue) across the transducer face and at multiple
depths and provides a color image (elastogram) of tissue
hardness based on the shear wave speed. Multiple regions
of interest can be placed on the color image, allowing for
multiple shear wave speed measurements.
Using a 9L4 linear matrix transducer and minimal
operator transducer pressure/preload (essentially 0%
applied strain, as transducer pressure applied to the speci-
mens was only due to the force of gravity acting on the
transducer), shear wave elastography of the bowel wall was
performed by a single operator (J.R.D.) with the trans-
ducer oriented perpendicular to the long axis of the intes-
tinal lumen. Bowel wall shear wave speed measurements
initially were acquired from each resected intestinal seg-
ment (3 measurements from the 9-, 12-, and 3-o’clock
locations, respectively) using VTQ technology and 9 sep-
arate image acquisitions (Figure 1C). Next, 9 similarly
located shear wave speed measurements were acquired
from the bowel wall using VT-IQ and 3 separate image
acquisitions (3 shear wave speed measurements per image;
Figure 1D). For intestinal specimens with contiguous
J Ultrasound Med 2014; 33:2115–2123 2117
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Figure 1.  Images from a 23-year-old man with stricturing, fistulizing Crohn disease. A and B, Long- and short-axis grayscale images of resected ter-
minal ileum showing bowel wall thickening (arrows) and adjacent mesenteric fibrofatty proliferation, or “creeping fat” (asterisks). A blind-ending
sinus tract is shown on the short-axis image (arrowheads). SP indicates standoff pad. C and D, Short-axis VTQ and VT-IQ shear wave elastographic
images showing placement of regions of interest in the bowel wall at approximately the 3-o’clock position. The VT-IQ image provides a color elas-
togram of tissue hardness based on shear wave speed. A small amount of echogenic, shadowing air is present in the bowel lumen (arrows). 
A B
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abnormalities measuring greater than 10 cm in length,
shear wave elastography was performed in two different
areas, separated by a minimum of 5 cm.
Full-thickness bowel wall tissue from the sono-
graphic areas was obtained for histopathologic evalua-
tion. After standard tissue processing, a gastrointestinal
pathology specialist evaluated histologic specimens
(hematoxylin-eosin– as well as Masson trichrome–stained
slides) for both inflammation and fibrosis using Likert-like
scales based on previously described scoring systems, while
blinded to the sonographic findings.13,14 The Likert-like
scoring systems used to assess bowel wall inflammation
and fibrosis are presented in Tables 1 and 2.
Statistical analysis was performed by the study statis-
tician. An unpaired 2-tailed Student t test (assuming
unequal variances) was used to assess differences in mean
shear wave speed between bowel segments with low and
high inflammation scores (0–2 versus 3 and 4) and low
and high fibrosis scores (0–2 versus 3). The relationships
between mean shear wave speed and both inflammation
and fibrosis scores were assessed by Spearman rank corre-
lation (ρ). Kendall rank correlation (τ) and Pearson cor-
relation (r) were used to explore the relationships between
bowel wall inflammation and fibrosis (based on Likert-like
scoring) and between shear wave speed measurements
obtained by VTQ and VT-IQ from the same resected
bowel segment, respectively. Receiver operating charac-
teristic (ROC) curve analysis was performed to assess the
diagnostic performance of shear wave elastography for
detecting extensive bowel wall fibrosis (fibrosis score 3).
When shear wave speed measurements were acquired from
two separate areas within the same resection specimen,
measurements were considered independent, as inflamma-
tory bowel disease is a heterogeneous process, and imaged
bowel segments were separated by greater than 5 cm.
P < .05 was considered statistically significant for hypoth-
esis testing. Statistical analyses were performed with Stata
12.1 software (StataCorp LP, College Station, TX). 
Results
Seventeen intact (>3-cm) bowel segments (15 small intes-
tine and 2 large intestine) from 12 patients with known or
suspected inflammatory bowel disease were procured fresh
immediately after surgical resection (Table 3). Six patients
were male, and 6 were female. The mean patient age was
24.9 years (range, 10–53 years).
Mean Shear Wave Speed 
High–fibrosis score (n = 11) bowel segments had a sig-
nificantly greater mean shear wave speed than low–fibrosis
score (n = 6) bowel segments (mean ± SD: VTQ, 1.59 ±
0.37 versus 1.18 ± 0.08 m/s; P = .004; VT-IQ, 1.87 ±
0.44 versus 1.50 ± 0.26 m/s; P = .049; Figures 1–3). The
area under the ROC curve for VTQ in differentiating
high– versus low–fibrosis score bowel segments was 0.91
(95% confidence interval [CI], 0.67–0.99; P < .0001), and
the area under the ROC curve for VT-IQ was 0.77 (95% CI,
0.51–0.94; P = .025; Figure 4). There was no significant
difference in mean shear wave speed between high–score
and low–inflammation score bowel segments (VTQ,
1.60 ± 0.50 versus 1.33 ± 0.19 m/s; P = .22; VT-IQ,
1.86 ± 0.54 versus 1.66 ± 0.32 m/s; P = .4). 
Dillman et al—Shear Wave Elastography of Ex Vivo Human Intestinal Specimens
J Ultrasound Med 2014; 33:2115–21232118
Table 1. Histologic Scoring System for Active Inflammation in Resected Human Intestinal Specimens
Score Degree of Inflammation
0 (none) No inflammation
1 Low level of inflammation with scattered infiltrating mononuclear cells
2 Moderate inflammation with multiple foci
3 High level of inflammation with increased vascular density and marked wall thickening
4 (severe) Maximal severity of inflammation with transmural leukocyte infiltration and loss of goblet cells
Table 2. Histologic Scoring System for Fibrosis in Resected Human Intestinal Specimens
Score Degree of Fibrosis
0 (none) No architectural distortion, no abnormal Masson trichrome staining
1 No architectural distortion, mild abnormal Masson trichrome staining in mucosa/submucosa
2 Substantial abnormal mucosal/submucosal Masson trichrome staining with modest distortion of architecture 
but without obscuration of the mucosal/submucosal border
3 (severe) Transmural fibrosis with abnormal Masson trichrome staining in all histologic layers, transmural architectural 
distortion
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Relationship Between Mean Shear Wave Speed and
Fibrosis and Inflammation Scores
A moderate correlation was observed between an increas-
ing bowel wall shear wave speed and an increasing fibrosis
score (VTQ, ρ = 0.60; VT-IQ, ρ = 0.47; Figure 5).
The relationship was significant for the VTQ method
(P = .01) of shear wave speed measurement and marginally
significant for the VT-IQ method (P = .057). The rela-
tionship between bowel wall shear wave speed and inflam-
mation was less correlative and nonsignificant (VTQ,
ρ= 0.38; P = .13; VT-IQ, ρ= 0.24; P = .36). 
Relationship Between Bowel Wall Inflammation and
Fibrosis
Histologic scoring demonstrated that bowel wall inflam-
mation and fibrosis commonly coexist in resected bowel
specimens (Table 3). A moderately linear, significant rela-
tionship was observed (τ= 0.45; P = .01).
Relationship Between VTQ and VT-IQ Shear Wave
Speed Measurements
On average, mean bowel wall shear wave speed measure-
ments were higher when using VT-IQ compared to VTQ
(1.74 ± 0.42 versus 1.44 ± 0.36 m/s), with a statistically
J Ultrasound Med 2014; 33:2115–2123 2119
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Table 3. Patient Demographic Data and Inflammation/Fibrosis Scores
Imaged Fibrosis Inflammation 
Patient Age, y Sex CD vs UC Bowel Scorea Score
1 23 Male CD Ileum, AC 3, 0 3, 0
2 17 Female UC Ileum 0 1
3 10 Female UC AC 0 0
4 52 Female CD Ileum (×2) 3, 3 2, 1
5 30 Female CD Ileum (×2) 3, 3 1, 2
6 10 Female UC Ileum 1 0
7 27 Male CD Ileum (×2) 3, 3 3, 3
8 30 Male CD Ileum 3 4
9 15 Male CD Ileum 3 4
10 53 Male b Ileum 2 1
11 19 Female CD Ileum 3 4
12 13 Male CD Ileum (×2) 3, 2 2, 4
AC indicates ascending colon; CD, Crohn disease; and UC, ulcerative colitis.
aFor intestinal specimens measuring greater than 10 cm in length, shear wave elastography and histologic scoring were performed in two different
areas, separated by a minimum of 5 cm. 
bThe patient had suspected terminal ileitis due to Crohn disease, although histopathologic evaluation confirmed ileitis (bowel wall inflammation
and fibrosis) due to an adjacent carcinoid tumor.
Figure 2. Images from a 20-year-old man with stricturing Crohn disease. A and B, Short-axis VTQ and VT-IQ shear wave elastographic images showing
placement of regions of interest in the bowel wall at approximately the 3-o’clock position. There is severe bowel wall thickening and heterogeneity
on the underlying grayscale images. The small bowel mesentery is markedly thickened. 
A B
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significant difference (P = .04, paired Student t test). There
was a significant moderate correlation between bowel wall
shear wave speed measurements obtained by VTQ and
VT-IQ (r = 0.57; P = .02). 
Discussion
A noninvasive diagnostic tool that could reliably establish
the histologic composition of narrowed, obstructed bowel
segments in vivo could impact both the medical and sur-
gical management of Crohn disease. If luminal narrowing
could be shown to be due to primarily active inflammation,
then the treating physician would likely pursue medical
management in the form of anti-inflammatory and
immunosuppressive medications. On the other hand, if
luminal narrowing could be shown to be due to primarily
fibrosis, then the treating physician would likely pursue
surgical management or endoscopic intervention.
Unfortunately, there is currently no such diagnostic tool
available.
A small number of recent studies have investigated the
use of ultrasound elasticity imaging for discriminating
bowel wall inflammation from fibrosis.11,15–17 Both Kim et
al15 and Xu et al16 showed in Crohn disease animal models
that strain developed under quasistatic deformation can be
used to distinguish inflamed from fibrotic intestine. A recent
study by Stidham et al17 also used quasistatic strain imag-
ing to successfully differentiate normal from fibrotic bowel
in vivo in 7 humans with Crohn disease.
Shear wave elastography is an innovative form of ultra-
sound elasticity imaging that is becoming increasingly clin-
ically available throughout the world, including the United
States. This noninvasive transcutaneous technique allows
for quantitative estimation of tissue hardness based on the
speed of shear (or transverse) wave propagation in tissues
Figure 3. Box plot comparing mean shear wave speed (SWS) meas-
urements for low– versus high–fibrosis score bowel segments obtained
by the VTQ shear wave elastographic method. Whiskers represent min-
imum and maximum shear wave speed measurements. 
Figure 4. Receiver operating characteristic curves for discriminating low– from high–fibrosis score bowel segments. A, Virtual Touch quantification
shear wave elastographic method (area under the curve, 0.91; 95% CI, 0.67–0.99; P < .0001). B, Virtual Touch-IQ shear wave elastographic method
(area under the curve, 0.77; 95% CI, 0.51–0.94; P = .025). 
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of interest after an acoustic radiation force impulse, or push
pulse. The shear wave speed is related to the shear modulus
and has a wide dynamic range in human tissues.18 A recent
study by Dillman et al11 in a Crohn disease rodent model
demonstrated that shear wave elastography holds prom-
ise for detecting bowel wall fibrosis in humans with Crohn
disease. In their animal model, bowel segments without
and with fibrosis could be discriminated on the basis of
intramural shear wave speed both without and with
increasing increments of applied strain to the rat abdomen
(increasing amounts of transducer preload).11
In this study, resected human bowel segments with
extensive transmural fibrosis (fibrosis score 3) had signifi-
cantly higher mean shear wave speed measurements than
those with low fibrosis scores in both VTQ and VT-IQ
shear wave elastographic methods. Although a close look
at our data shows that there is incomplete separation of
high– and low–fibrosis score bowel segments based on the
mean shear wave speed, this overlap is minimal. Receiver
operating characteristic curve analyses for discriminating
bowel segments with high and low fibrosis scores show
promising diagnostic performance, with a VTQ area under
the ROC curve of greater than 0.9.
The relationship between the bowel wall shear wave
speed and fibrosis score was shown to be moderately cor-
relative. Based on scatterplot inspection, the relationship
may actually be nonlinear (Figure 5). The mean bowel wall
shear wave speed seems to be relatively stable for speci-
mens with fibrosis scores of 0 to 2, whereas the shear wave
speed seems to increase when bowel wall fibrosis becomes
extensive and transmural (fibrosis score 3). This finding
suggests that shear wave elastography may best detect
advanced fibrotic changes but may be less capable of dif-
ferentiating nontransmural mild/moderate fibrosis from
early, predominantly inflammatory disease.
We have confirmed the findings of two previous
studies8,19 that demonstrated that active and chronic
inflammation as well as fibrosis all frequently coexist in
bowel segments affected by inflammatory bowel disease.
Based on our study, the relationship between inflamma-
tion and fibrosis is significant and moderately correlative.
Some degree of inflammation was present in all high–
 fibrosis score bowel segments. Therefore, a diagnostic test
for detecting bowel wall fibrosis in Crohn disease must be
able to perform when inflammation is also present. Based
on our results, shear wave elastography seems to be capable
of detecting fibrosis even when inflammation is present,
unlike conventional sonographic, computed tomographic,
and magnetic resonance imaging techniques.
Furthermore, we hypothesize that assessment of the
relationship between shear wave speed and increasing
applied strain (increasing transducer preload) may allow
even better detection of bowel wall fibrosis. Based on the
nonlinear elastic properties of tissue fibrosis and inflam-
mation (edema), it is possible that highly fibrotic bowel
segments will show a more rapid increase in shear wave
speed with increasing applied strain than nonfibrotic,
inflamed bowel. This phenomenon, which is likely due to
differences in bowel wall collagen and water content, has
been demonstrated in a Crohn disease animal model,11
and further investigations in human patients are needed.
A recent study by Rotemberg et al20 demonstrated that the
liver behaves in a nonlinear manner with internal pressur-
ization, with substantial increases in shear wave speed
measurements from baseline. Sarvazyan et al18 suggested
that tissue nonlinearity as assessed by shear wave imaging
may be another useful acoustic biomarker that could yield
potentially important diagnostic information in human
tissues.
Although correlative, mean bowel wall shear wave
speed measurements were systematically slightly higher
when using VT-IQ compared to VTQ. This difference,
which was statistically significant, likely relates to techni-
cal differences between the VTQ and VT-IQ methods: for
example, the use of a single 4-MHz push pulse versus mul-
tiple push pulses at higher frequencies. This observation
should be kept in mind going forward, as we use these tech-
nologies to characterize the hardness of the bowel as well
as other organs and tissues.
As the wall of normal small bowel is “paper thin,” its
hardness cannot be accurately measured by currently avail-
able shear wave imaging methods. Therefore, we were
unable to assess normal intestine as part of our investiga-
tion. This factor was not a significant limitation, however,
as normal bowel can be readily evaluated by multiple con-
J Ultrasound Med 2014; 33:2115–2123 2121
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Figure 5. Scatterplot showing the relationship between the mean bowel
wall shear wave speed (SWS) and histologic fibrosis score by the VTQ
shear wave elastographic method (ρ= 0.60; P = .01).
3312jum_online_Layout 1  11/24/14  10:19 AM  Page 2121
ventional imaging modalities. As we are specifically
interested in whether abnormally thickened, obstructed
intestinal segments contain fibrosis that is recalcitrant to
currently available therapeutics, the fact that the shear wave
measurements cannot be obtained from normal bowel is
probably inconsequential.
Our study had limitations. First, it was small (17 bowel
segments were assessed), and imaging was performed on
ex vivo nonperfused intestinal specimens. Even so, this
exploratory investigation found compelling, significant
results that should be further evaluated in vivo. Second,
shear wave elastography, as with other forms of elasticity
imaging, is subject to boundary effects and geometric
dispersion. As the bowel is a tubular structure composed of
different layers with an overall thickness of approximately
3 to greater than 10 mm in humans with Crohn disease, it
is possible that such effects could be present and alter the
accuracy of the shear wave speed measurements acquired.
Specifically, this situation could result in the generation of
guided waves that are a function of both tissue geometry
and histologic composition.18 However, we presume that
these boundary effects, which occur when the wavelength
of the shear wave is larger than the imaged object, were
consistent across our measurements, and, although they
may have affected the absolute shear wave speed meas-
ured, the trends observed in our study remain unchanged.
In addition, inflammatory bowel disease affects the
bowel wall in a heterogeneous manner both longitudinally
and circumferentially. Although bowel wall tissue was
obtained for histologic assessment from the site of imag-
ing, it is impossible to have an absolutely perfect one-to-
one imaging-to-histologic correlation. Finally, blinded
histologic Likert-like scoring for bowel wall inflammation
and fibrosis was a somewhat subjective process based on the
expert opinion of a gastrointestinal pathology specialist.
In conclusion, ex vivo bowel wall shear wave speed
measurements increase when intestinal fibrosis is exten-
sive and transmural. Although there is some shear wave
speed overlap between low– and high–fibrosis score bowel
segments, this overlap is minimal (particularly when using
the VTQ shear wave elastographic method). Characteri-
zation of intestinal strictures as extensively fibrotic using
shear wave elastography has the potential to directly
impact medical and surgical decision making in humans
with Crohn disease. As our study was exploratory and was
performed on ex vivo surgically resected intestinal speci-
mens, further investigations are needed to assess shear
wave elastography of human Crohn disease strictures in
vivo and to establish whether intestinal fibrosis can be reli-
ably detected on the basis of tissue elastic properties. 
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